Abstract -A critical assessment is given of the thermodynamics of the uranium-platinum metals systems. It also includes the Gibbs energies of formation of URu3, U3Ru5, URu3C0.7, U2RuC2, URh3, UOs2, UIr3 and UIr2 which were determined in this laboratory using solid galvanic cells with CaF2 single crystal electrolyte between 900 and 1200 K. For this purpose, the isothermal sections of the ternary U-Ru-F, U-Rh-F, U-0s-F and U-Ir-F systems were investigated in preceding experiments. The experimental thermodynamic results of the intermetallic phases and the platinum metal rich solid solution regions are discussed in the light of the semiempirical cohesion energy model developed by Miedema.
INTRODUCTION
The electromotive force (emf) method is commonly applied for direct measurements of thermodynamic activities and Gibbs energies of formation of alloys and intermetallic compounds at high temperatures. For this purpose, solid ion conducting electrolytes are mostly used in second kind galvanic cells. In the case of an anion conducting electrolyte, e.g. Zr02, ThO2, CaF2, a single-phase alloy or coexisting phases MIlq and MIlp of an M-11 system are equilibrated with an auxiliary electrolyte MXi (i = 1,m) of which the cation M is identical with the more electropositive component of the M-I1 alloy; the anion X is identical with the mobile component of the electrolyte:
The unknown chemical potential pl'x of the component X in the test electrode MXm, MIIq, MIlp is related to the chemical potential p'x of the component X in the reference electrode M, MX1 by measurement of the electromotive force E of the galvanic cell and application of the Gibbs-Duhem equation p'lx -p l x = p l~ -pll~ = n*F*E where n is the valency and F is the Faraday number. The Gibbs energies of formation of intermetallic phases can be calculated on this experimental basis.
The thermodynamics of alloys and intermetallic phases of the platinum metals Il with other transition metals M plays a dominant role in their reaction behaviour as well as in the basic understanding of their cohesion energies. A number of models were developed in the past by Engel and Brewer, Miedema, Colinet and by Bennet and Watson for the interpretation of these in part very stable phases which can react by explosion if intimately powdered mixtures are heated. The Gibbs energy -VS. -concentration curves of the M-11 systems are in general asymmetric with a minimum towards the platinum metal side. Therefore, the ordered AuCu3 type phases MII3 and the Laves phases Mn2 are of greater interest. In this paper, the thermodynamics of the alloys and intermetallic phases of the platinum metals with uranium is critically reviewed. The phase diagrams of the platinum metal rich regions of these systems are illustrated in Fig. 1. A significant requirement for the thermodynamic investigation of metallic systems by second kind solid galvanic cells with fluorine ion electrolytes is knowledge of the phase diagrams of the respective ternary fluoride systems. The metallic phases can be in equilibrium with the binary fluorides of one of the binary systems or with ternary fluorides of the system. Two solid fluorides, UF3 and UF4, exist in the binary uranium-fluorine system above 420 'C. In the ternary U-Ru-F and U-0s-F systems, URug-Ru and UOsp-0s are in equilibrium with UF3 (Fig. 2) . Therefore, the half-cells U.F~-URU~-RU and UFj-UOs2-0s are required for measurements of the Gibbs energies of formation of URu3 and UOs2. In the ternary U-Rh-F and U-Ir-F systems, URhj-Rh and UIrg-It are in equilibrium with UF4 (Fig. 2) . Therefore, the half-cells UF4-URh3-Rh and UF4-UIr3-Ir are necessary for determinations of the Gibbs energies of formation of URh3 and UIr3. The equilibria of URu3 and UOs2 with UF3 and of URh3 andUIr3withUFq imply the higher thermodynamic stability of the latter intermetallic compounds. The different behaviour can be also inferred from the ternary U-(Rh,Os,Ir,Pt)-C systems, where equi- 
THE URANIUM-RUTHENIUM SYSTEM
The constitution of the U-Ru system was investigated by Park (ref.
2). It is characterized by five intermetallic phases: URu melts congruently in an approximately equimolar composition, UzRu, U3Ru4, U3Ru5 and URu3 are formed peritectically. The last of these is the only solid compound above 1300 "C and crystallizes in the cubic AuCu3 type structure (ref. Gibbs energy of formation measurements on URu3 and URu3C0.7 were performed for the first time by the electromotive force method with second kind galvanic cells using single crystal 750 800
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Electromotive force of the cell UF3, UF4 I CaF2 I UF4, URh3, Rh as a function of the temperature.
THE URANIUM-PALLADIUM S Y S T E M
The earliest results for the U-Pd system refer to the intermetallic phase UPd3 which crystallizes in the hexagonal TiNig type structure (ref. -87 pldtinum metal phases with the experimental results critically assessed in this paper. As the majority of the experiments is based on emf measurements in a rather narrow temperature range it is hard to decide whether a 2nd law evaluation of the enthalpy of formation of the intermetallic compounds is permitted. Further calorimetric studies are recommended to verify the thermodynamic predictions from precise experimental results.
